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Abstract 
Energy supply to Iran requires the substitution of an energy model based on fossil by one based on 
renewable energy sources. The building sector, about 40% of total annual energy consumption, has an 
important share in energy demand in Iran. Iran as a Middle Eastern country has recently begun to use 
renewable energies. Solar energy, because of its availability and large number of sunny days in this 
country, is mostly concentrated. In this paper vented thermal storage wall that is used for heating of  
Isfahan buildings, Central of IRAN, are studied. The heating loads for a residential building which has 
about 800m2 floor area at four floor are calculated. Then the vented thermal storage wall are designed and 
the amount of annual energy saving is calculated. It is shown that more than 60 percent of winter energy 
consumption will saved by using this system.                                                                                                                        
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1. Introduction 
The fast economic development worldwide leads to a quickly increasing energy demand. However, 
conventional fossil energy sources are limited, and their use is related to emission of harmful gases, 
which are responsible for climate changes and environmental pollution. The building sector, about 40% 
of total annual energy consumption, has an important share in energy demand in Iran. 
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Nomenclature 
A       Apparent solar irradiation at air mass of zero, W/m2.  
ACN Atmospheric clearness number, dimensionless. 
B       Atmospheric extinction coefficient, dimensionless 
b        Solar altitude angle, degrees.  
d        The angular position of the Sun relative to the plane of the Earth's equator. 
Ib       Beam solar flux on a surface, W/m2. 
Ibn     Beam solar flux on surface perpendicular to direction of flux, W/m2. 
q        Angle of incidence for direct solar flux, degrees. 
 
Solar energy appears as the most appropriate technology to lead this sector towards sustainability since 
Iran, as well as most of the other Middle East countries enjoys an abundance of solar radiation, and 
therefore it has recently begun to use solar energy.  
Solar collectors are the heart of most solar energy systems. The collector absorbs the sun’s light energy 
and changes it into heat energy. Flat-plate collectors are the most common collector for residential water 
heating and space-heating installations. Solar air collector use air as the heat carrier, has a wide range of 
operating temperature, low requirement of airproof, high toggle speed, low cost and maintenance. It can 
be used in the fields of space heating, outdoor air preheating, agricultural drying, etc. The design, 
construction materials and construction methods for solar air heaters have been slowly developed 
compared to liquid-based collectors. The efficiency of air collectors is lower because of low thermal 
capacity of air and low absorber-to-air heat transfer coefficient. The most important advantages for air 
type collectors include: no freezing or pressure problems; generally lower construction cost, and no heat 
exchanger for direct heating of a space. There are five basic designs for passive solar space heating: direct 
gain, solar greenhouse, convective air loop, roof pond, and thermal storage walls. In an unvented thermal 
storage wall heat goes into the mass wall. In a vented thermal storage wall in addition to heat moving into 
the mass wall, air between the glazing and wall heats up and moves directly into the building in a 
convective loop. For passive space heating in buildings, many distinct design features have been put 
forward, such as the Trombe wall system [1,2], composite Trombe-Michel wall [3], and PV-Trombe wall 
[4]. Also introduced in the Barrae-Costantini system is the thin metal-plate absorber [5].  Unfortunately in 
IRAN utilization of solar energy is very limited and usually is used for water heating [6]. So in this paper 
vented thermal storage wall is considered. This method is used for heating of Isfahan buildings, Central of 
IRAN. For this purpose a typical residential building is selected and heating load are calculated. Then the 
vented thermal storage wall are designed and the amount of annual energy saving is calculated.  
 
2. Building survey 
The building consists of four floors. Ceiling height for all floors is 2.8 m. Total heating floor area is 
about 800 square meters. The building is well insulated and the total heat loss coefficient was calculated 
as 0.65 W/m2°C for the exterior walls, 1.00 W/m2°C for floor and 0.50 W/m2°C for the roof. Doors are 
made from Aluminium with double glazing glasses and overall U-value is 4.8 W/m2°C. Aluminium 
frames with thermal breaks and double glazing windows with overall U-value 2.6 W/m2°C are used. 
Orientation: Isfahan, Iran. Latitude 32°30 N and longitude 51°40 E. 
Climatology: winter design dry bulb= -6° C, winter relative humidity: 72.5% [7] 
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    The typical plan of building is presented in Fig.1. A computer software has been used to evaluate 
heating load of the building. The heating load calculation was based on the ASHRAE heating load 
method. 
Table 1. Heating load calculated (Kw) 
 
 
 
 
 
 
 
 
 
The maximum design heating load is presented in Table.1, based on 20°C inside design temperature. 
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Fig.1. Typical Plan 
Total 
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3. Calculation of the solar heat flux 
Solar flux is the rate of solar energy striking the exterior surfaces of a building. Solar Heat Gain refers 
to the rate of solar energy reaching the interior of a building after passing through a window. To 
determine the intensity of solar flux at the Earth's surface, characteristics of solar flux outside the Earth's 
atmosphere must be known. This is referred to as the extraterrestrial solar flux. Because the distance 
between the Earth and the Sun varies throughout the year, the intensity of the extraterrestrial flux varies.  
In solar energy calculations, the extraterrestrial flux on a surface perpendicular to the Sun's rays, Ion, is 
commonly used. Values of Ion listed in Table. 2 show the general seasonal variation of the extraterrestrial 
flux.  These values based the solar constant, Isc.  The solar constant is the value of Ion when the Earth is at 
its average distance from the Sun., the currently accepted value for Isc is 1367 W/m2 [8]. The procedure 
used to compute hourly clear sky solar flux profiles is taken from [8]. The goal of the procedure is to 
determine hourly values of the beam, diffuse and reflected components of solar flux on the south building 
exposure for clear sky conditions. Fluxes are computed for the twenty-first day of each month according 
to ASHRAE procedures. The resulting flux values represent estimates for typical clear sky conditions.  
Procedures for computing each component of the solar flux are described by equation (1): 
 
Ibn = ACN [ A /  exp (B/sin(b)) ]                                                                                                            (1) 
 
where: 
 
Ibn = Beam solar flux on surface perpendicular to direction of flux, W/m2. 
A   = Apparent solar irradiation at air mass of zero, W/m2. See Table 2. 
B   = Atmospheric extinction coefficient, dimensionless. See Table 2. 
ACN = Atmospheric clearness number, dimensionless. 
b   = Solar altitude angle, degrees.  
d   =  The angular position of the Sun relative to the plane of the Earth's equator. See Table 2.  
 
Table 2. Clear Sky Solar Flux Parameters, Northern Hemisphere [8] 
 
 
 
 
 
 
 
 
 
The procedure for computing Ibn was developed for a set of monthly reference atmospheric conditions.  
These reference conditions define the quantities of ozone, moisture and dust in the atmosphere for a site 
at sea level. For sites with unusually dry, wet, dusty, or clear atmospheres or sites at high elevations, the 
atmospheric clearness number (ACN) is used to increase or decrease Ibn values. For sites at which 
conditions are close to the reference conditions, a clearness number of 1.00 is used.    
Month Ion(W/m2) d (degrees) A (W/m2) B C 
Dec 1416.9 -23.45 1233.6 0.142 0.057 
Jan 1415.9 -20.0 1230.4 0.142 0.058 
Feb 1401.4 –10.8 1214.7 0.144 0.060 
Mar 1380.9 0.0 1186.3 0.156 0.071 
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The beam solar flux on a wall or roof exposure is computed using the equation: 
 
Ib = Ibn cos(q)                                                                                                                                          (2) 
where: 
 
Ib  = Beam solar flux on a surface, W/m2. 
q   = Angle of incidence for direct solar flux, degrees. 
 
Table. 3. Solar Heat Fluxes For South exposure (W/m2) 
 
 
 
 
 
 
 
 
 
 
4.  Results and discussion 
    Once the total heating load of a building has been calculated, one can determine either: case a) for a 
given sized Trombe wall, what percentage of the total heating load can be obtained, or case b) how large a 
Trombe wall is necessary to provide the desired heating demand. There are a number of methods for 
determining these values and there is work being done to simplify and standardize the calculations. In this 
paper the method developed by J. Douglas Balcomb and Robert D. McFarland of the Los Alamos 
Scientific Laboratory [9]. This method, of necessity, has been prepared for a specific thermal storage wall 
system (basically a double glazed, 0.45 m thick concrete wall). 
Table 4. Total Heat Gain by collectors (Kw) 
Total Heat Gain (Kw) Sunlight Availability (%) Shade Coeff 
Collector Net Area 
(4 Floors) 
(m2 ) 
Total Solar Heat 
Fluxes  
(w/m2) 
Month 
5952.64 63.50.84966.528 5353.8×31 Dec 
6188 65.70.84966.528 5379.1×31 Jan 
5516 70.40.84966.528 4954.3×28 Feb 
4326.4 65.50.84966.528 3772.4×31 Mar 
21983.04 - - - - Total 
 
From Table 1. and Table 4. we can see that for December about 63% of total heating loads can saved 
by solar passive heating. Energy saving for January is 60%, February 64% and march 57% of total 
Hour Dec Jan Feb Mar 
06:00 0.0 0.0 0.0 5.3
07:00 78.8 61.5 126.1 98.6
08:00 420.1 381.7 337.4 242.5
09:00 610.0 571.8 501.4 383.5
10:00 727.8 695.7 617.5 489.7
11:00 787.5 764.7 684.6 549.6
12:00 790.7 779.0 700.7 559.9
13:00 737.4 738.4 665.0 520.0
14:00 626.3 643.3 579.1 432.0
15:00 446.4 490.7 444.7 302.8
16:00 128.8 252.3 262.8 154.5
Total 5353.8 5379.1 4954.3 3772.4
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heating loads. The heat value of Natural Gas in Isfahan is about 8600 Kcal/m3. So this energy saving can 
saved more than 2200 m3 Natural Gas annually , i.e 2.75 m3 /(m2 Floor Area).  
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